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Abstract 
 
The electrical power of a photovoltaic (PV) system decreases considerably when weather conditions are variable. In this context, the 
authors experimentally study on the optimization of the electrical power efficiency of a photovoltaic module using the Fuzzy Logic Con-
trol (FLC) method. The main purpose of this work is to extract the maximum energy from a solar panel using the Maximum Power Point 
Tracker (MPPT) algorithm. This algorithm acts on the DC-DC boost duty cycle of the solar photovoltaic system, depending on weather 
conditions (temperature and irradiance). To achieve this optimization, firstly, this work presents an experimental implementation of the 
proposed Fuzzy Logic Control method of a stand-alone photovoltaic system. Secondly, a comparative study between the proposed Fuzzy 
Logic Control approach and the conventional Perturb and Observe (P&O) MPPT method using Matlab/Simulink is presented. Experi-
mental as far as numerical results based on recorded climatic data from Ngaoundere (in Cameroon) and Mulhouse (in France) cities, 
show that the FLC approach has several advantages over the conventional P&O MPPT method such as: fat response, robustness, minimal 
effect of climate fluctuations on the electrical power produced. 
 
Keywords: PV System; Fuzzy Logic Controller; P&O Method; Weather Condition; Numerical Simulation; Experimental Data. 
1. Introduction 
In this last decade, the demand for high living standards and thus 
electric energy has been growing progressively. There are many 
possibilities of energy production such as fossil energy, hydroelec-
tricity, nuclear energy and renewable energy [1]-[4]. Fossil energy 
as far as nuclear energy is contributing considerably to the pollu-
tion of the environment causing enormous socio-economic and 
human damages, on one hand. In the other hand, hydroelectricity 
is not available elsewhere [5]-[7]. On this context, renewable en-
ergy and in particular photovoltaic (PV) energy systems offer a 
very competitive solution [8]-[9]. Nevertheless electrical power 
efficiency of photovoltaic cells remains low. In order to improve 
the efficiency of the PV panel, it is necessary to optimize the ex-
traction of energy. To achieve such task, the photovoltaic genera-
tor must operate at its Maximum Power Point (MPP). This con-
straint can be done using a Maximum Power Point Tracker 
(MPPT) controller [10]-[14]. 
Nowadays, with technological means, there are several methods 
for MPPT: Fractional Open-Circuit Voltage (FOCV), Fractional 
Short-Circuits Current (FSCC) [15]-[16], Artificial Neural Net-
work (ANN) technique and the Fuzzy Logic Control (FLC) [17]-
[20]. On the other hand, it was also demonstrated in [21] that there 
are computational techniques to track the maximum power using 
look-up. Some related tracking methods based on this approach 
are widely adopted in PV power systems [6]. Among them, the 
most popular methods are: Perturb and Observe (P&O), Incremen-
tal Conductance (INC) [22]-[23] and Hill Climbing (HC). These 
techniques are widely applied because of their simplicity. But 
there is no complete comparison between previous cited tech-
niques and their tracking efficiency under varying weather condi-
tions. 
This work shall focus on the investigation of tracking efficiency 
between P&O and FLC MPPT algorithms in variable weather 
conditions to see the one which is worthwhile. Some works based 
on fuzzy logic have already been done in the literature review. In 
most of them, an extra gain block has been added to the fuzzy 
system to adjust the output [17], [18]. In this work, the authors 
develop a particular fuzzy system where a gain block is removed 
and the duty cycle is calculated directly based on seven rules. The 
developed algorithm is able to track MPP with appropriate speed, 
and it shows very good dynamical response with sudden variations 
in real weather conditions. More importantly, the selection of a 
suitable converter when implementing a PV-MPPT method is 
crucial. Recent works have shown that different types of convert-
ers have been used for various applications [2], [21], [23]. For this 
work, a boost topology was selected because it is suitable for high 
voltage applications. Finally, in Fig. 1 the developed PV module 
and the MPPT algorithm is coupled to the DC-DC boost to assess 
the performance of the system. 
The purpose of this study is to exploit the photovoltaic panel at the 
MPP under variable weather conditions to compare P&O and FLC 
MPPT algorithm. 
In Section 2, modeling of the PV system and the boost converter 
are presented. In Section 3, an MPPT method based on P&O and 
FLC methodology is analyzed. The results of the experimental 
implementation and numerical simulations based on real climatic 
data are given in Section 4. Finally, Section 5 concludes the work. 
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Fig. 1: PV System MPPT Algorithm. 
2. PV model and characteristics 
2.1. Modeling of the PV panel 
Fig. 2 describes an electric model equivalent of a PV cell. It is an 
electronic component that, when exposed to light (photons), pro-
duces electricity thanks to the photovoltaic effect. The circuit con-
sists of two resistors and a diode [14], [20]. Rp indicates the pres-
ence of a leakage current in the P-N junction while Rs reports the 
resistivity of the material and the semiconductor metal contact, the 
diode represents the electron hole recombination in the P-N junc-
tion. 
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Fig. 2: Electric Model Equivalent of A PV Cell. 
 
By applying Kirchhoff's laws on the circuit of Fig. 2 above, the 
cell generated current is given by: 
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where V and I are respectively voltage and current, Io is the diode 
reverse saturation current, Iph is the generated photocurrent, VT is 
the thermal voltage (VT = kT / q), k is the Boltzmann constant, n is 
the diode ideality factor, q is the electron charge and T is the cell’s 
temperature (kelvin). The photocurrent is given by: 
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In this previous relation, G is the radiation, Gref is the nominal 
radiation (usually Gref = 1 kW/m²) and Tref is the nominal tempera-
ture in kelvin. Io is thus given by: 
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In this paper, the parameters of the H750 PV panel under the 
Standard Test Condition (STC: 1 kW/m² and 25 °C) are listed in 
Table 1. 
 
Table 1: Electrical Parameters of the PV Module Type H750. 
Parameters  Symbols Values 
Number of series cells  Ncs  36 
Maximum Voltage Vmpp (V) 17.3 
Maximum Current Impp (A) 3.17 
Open-circuit voltage  Voc (V) 21,6 
Short-circuit current Isc (A) 4,01 
Voltage coefficient  Kv (V/C°) -0.00123 
Current coefficient  Ki (A/C°) 3.2e-3 
Maximum power Pmpp (W) 60 
 
The most important step in determining the MPP of a PV panel is 
to determine the current voltage and power voltage characteristics 
of a photovoltaic panel. The characteristic I-V and P-V curves 
under the STC are shown in Fig. 3. 
 
 
Fig. 3: I-V and P-V Characteristic of the PV Panel H750. 
2.2. DC-DC boost converter modelling 
Fig. 4 shows the basic configuration of a DC-DC boost converter. 
It operates in two states. Firstly, the switch Tr is open (0 < t < dT), 
the diode is blocked at this time and the current in the boosting 
inductance increases linearly. Secondly, the switch Tr is blocked 
(dT < t < T), the energy stored in the inductor is released by the 
diode to the output circuit [20], [23]. This leads to the following 
expression where Ve and Vs are respectively the input and output 
voltage of boost converter: 
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Fig. 4: Electric Model Equivalent to A Boost Converter. 
 
The inductance L and the capacitor C of the boost converter are 
given by: 
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I V D f L =                                                                             (5) 
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Where Ve_min is minimum input voltage, fs is switch frequency, 
∆LL is an estimated inductor, Is is the output current and ∆Vs is the 
estimated output ripple voltage [23]. The specifications of a boost 
converter components use in this work are listed in Table 2 below.  
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Table 2: Electrical Parameters of the Boost Converter 
Parameters  Symbols Values 
Boost inductor  L (µH) 330 
Input filter capacitor  Cin (µF) 330 
Output filter capacitor  Cout (µF) 660 
Switching frequency f (kHz) 10 
3. MPPT algorithms 
The principle of these MPPT commands is to find the MPP by 
keeping a good fit between the MPP and the load to ensure the 
transfer of maximum available electrical power. 
3.1. Perturb and observe algorithm 
Fig. 5 illustrates the flowchart of the P&O MPPT command [1]-
[10]. To determine the power at each moment, two sensors are 
needed to measure the values of voltage and current. For a dis-
turbance of the voltage, if the power decreases, the direction of the 
disturbance is maintained. If not, it is inverted so that the operat-
ing point converges towards the MPP. 
 
Start
Measure Ipv(k),Vpv(k)
Ppv(k)=Ppv(k-1)
 Calculate
Ppv(k)=Ipv(k)*Vpv(k)
Update: 
Vpv(k-1), Ipv(k-1)
Return
Yes
No
Ppv(k)>Ppv(k-1)
Decrease 
Vref
Increase 
Vref
Vpv(k)>Vpv(k-1)
Decrease 
Vref
Increase 
Vref
Vpv(k)>Vpv(k-1)
Yes
No
No No Yes
Yes
 
Fig. 5: Flowchart P&O Method. 
3.2. Proposed fuzzy logic controller 
The error E and error change CE, at times samples k are the two 
FLC inputs [17]-[20]. It’s output is a Pulse Width Modulation 
(PWM) signal that controls the boost converter. The two input 
variables are given by: 
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Where Ppv (k) and Ipv (k) are respectively the power and the current 
of the PV panel, E(k) indicates if the point of operation of the load 
at the moment k is located to the left or right of the MPP on the 
power characteristic curve of Fig. 3. CE(k) shows the direction of 
shifting of this point. The FLC contains fuzzification, basic rule 
and defuzzification. 
3.2.1. Fuzzification 
Fuzzification consists of converting the digital inputs into linguis-
tic variables based on the degree of member functions. Fig. 6 illus-
trates the fuzzy sets: (A) the input error, (B) the input of the error 
change and (C) the output that contains seven triangular member-
ship functions. 
(A) (B) 
  
  
(C) 
 
Fig. 6: Membership Functions, (A) for E (k), (B) for CE (k), and (C) for dD. 
 
3.2.2. Inference rules 
The rules between the inputs and output have to be established. 
Table 3 shows the fuzzy controller rule table where all the matrix 
inputs are the fuzzy sets of E (k), CE (k), and dD. Here is an ex-
ample of a control rule from Table 3:  
If E is Z and CE is NW, then dD is NM 
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3.2.3. Defuzzification 
The defuzzification consists of converting the output of the lin-
guistic variable into a precise numeric variable (D): 
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4. Results and discussion 
To assess the performance of the PV power generator, the MPPT 
algorithms are simulated with different scenarios.  
4.1. Behaviour in the face of simultaneous variations of 
G and T 
The PV system performance was assessed for sudden changes in 
climatic conditions as time is varying from 0 to 1s as shown below 
in Fig. 7 (A) profile 1 and (B) profile 2. 
 
(A) (B) 
  
Fig. 7: Profile of Irradiance and Temperature: (A) Profile 1, (B) Profile 2). 
 
In a first scenario, we compare by simulations, the convergence 
towards the MPP concerning the power of the PV system under 
test. This is done, by using one of the two controllers P&O and 
FLC, first for the profile on the left and then on the right respec-
tively. In Fig. 8, the left and right show the results of the simula-
tions obtained for this first scenario. 
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Fig. 8: Power across the Load: (A) Profile 1, (B) Profile 2. 
4.2. Behaviour in the vicinity of the MPP 
For the second scenario, we evaluate the effectiveness of the two 
MPPT methods; P&O and FLC by comparing their speed of con-
vergence and their stability with regard to the MPP at the level of 
the PV characteristics provided by the PV panel manufacturer 
H750 (refer in Table 1). 
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Fig. 9: Comparison of MPP Convergence of I-V and P-V Characteristics for Profile 1 Using MPPT Based on P&O (A) and (C) or FLC (B) and (D). 
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Fig. 10: Comparison of MPP Convergence of I-V and P-V Characteristics for Profile 2 Using MPPT Based on P&O (A) and (C) or FLC (B) and (D). 
 
For this scenario, considering the above-mentioned variations and 
the results from Fig. 9 and Fig. 10, we deduce the behavior of the 
photovoltaic system for different types of MPPT (P&O and FLC) 
algorithms: For both algorithms, the effect of the increase in the 
PV produced power, caused by an increase in the illumination G 
and the temperature, or caused by a decrease in the temperature T 
and the illuminance, is noted. We can also notice that the P&O 
controller oscillates around the MPP, while the FLC remains fairly 
stable at a convergence time and a response time is faster. 
 
 
 
 
4.3. Confrontation of algorithms under real conditions 
Finally, for the third scenario (use a database), the two control 
algorithms (P&O and FLC) are simulated and tested in the 
MatLab/Simulink environment, under lighting and temperature 
modulated according to the chosen day. The simulations and com-
parisons are made using the measurements collected in a meteoro-
logical database of the cities of Ngaoundere and Mulhouse. In Fig. 
11-(A) and Fig. 11-(B), we shows the evolution of the data rec-
orded from 8:00 to 16:00 of the day of 17 may 2018, regarding the 
temperature and the lighting. 
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Fig. 11: Recorded Weather Data (A) LESIA Laboratory and (B) IRIMAS Laboratory. 
(A) (B) 
  
Fig. 12: Power across the Load (A) LESIA Laboratory and (B) IRIMAS Laboratory. 
 
In this section, we examine the effects of the control provided by 
the two MPPT control algorithms: P&O and FLC, in the face of 
variations of temperature and illumination, measured at the level 
of Ngaoundere and Mulhouse. These effects are illustrated by Fig. 
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12-(A) and Fig. 12-(B) which highlight the high efficiency, in 
terms of stability and response time, of the FLC with respect to the 
P&O based control, which thus validates the interpretations of 
paragraphs 4.2 and 4.4. 
4.4. Performance criteria of MPPT controllers 
In order to evaluate theoretically and experimentally the perfor-
mances of the two types of controllers studied, our interested in 
this paragraph, is to compare two performance criteria of these 
MPPT controllers, namely: 
The performance criterion η of an MPPT controller is defined by 
[7]. 
 
0
max0
( )
( )
t
m
t
P t dt
P t dt
 =

                                                                            (11) 
 
The PV system performance was assessed for sudden changes in 
climatic conditions as time is varying from 0 to 1s as shown below 
in Fig. 7 (left profile 1, right profile 2). 
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E (t) is the variation of the power with respect to the variations of 
the output voltage of the PV panel. Based on the definitions 
above, for both η and ε, we find that the larger η is the lower; ε is 
the more efficient and faster the MPPT command will be. 
In the case of our investigations, for the two MPPT algorithms 
discussed in this article, the table below summarizes the calcula-
tion results for the η yield and the ε criterion. 
 
Table 4: Performance Criteria of MPPT Controllers 
Performance criteria Different MPPT algorithms 
 P&O FL 
η 97.03% 99.05¨% 
ε.106 7.351 0.167 
 
The comparison between these results allows us to notice that the 
FLC method has a better yield than that of the command P&O. 
Thus the criterion of the integral of the square of the error ε corre-
sponding to the FLC method is much inferior about 50 times to 
the P&O command. This proves the speed of the FLC. 
 
Table 5: Assessment of the Daily Production of Energy for Different 
MPPT Algorithms 
Database of the cities Different MPPT algorithms 
  P&O FL 
Ngaoundere DMP (W) 35.32 50.76 
 DAE (Wh/day)  166.69 270.07 
Mulhouse  DMP (W) 30.17 31.05 
 DAE (Wh/day)  150.70 160.13 
5. Conclusion 
In this paper, Fuzzy Logic Control (FLC) and Perturb and Observe 
(P&O) algorithm for MPPT of a standalone photovoltaic (PV) 
system have been experimentally implemented with climatic data 
conditions. Furthermore, results from both FLC and P&O ap-
proaches have been assessed. In order to assess their performances, 
numerical simulation tests under various profiles and with record-
ed experimental data have been carried out. The proposed fuzzy 
logic control based MPPT technique with triangular membership 
functions can track the MPP faster compared to a P&O controller. 
Simulation results with experimental data show the efficiency of 
the FLC in maintaining the stability of the MPP. Moreover, it has 
been proved that the proposed FLC algorithm provides superior 
performances against P&O results, especially regarding the speed 
of tracking, the power fluctuation minimization and the efficiency 
in variable weather conditions. 
6. Abbreviations 
ANN Artificial neural network  
DAE Daily average energy  
DMP Daily maximum power 
FLC Fuzzy logic control 
FOCV Fractional open-circuit voltage  
FSCC Fractional short-circuit current  
HC Hill climbing  
INC Incremental conductance  
IRIMAS 
Institute of Research in Informatics, Mathematics, Automatics 
and Signal 
LESIA Laboratory of energy, signal, image and automation 
MPP Maximum power point 
MPPT Maximum power point tracker 
P&O Perturb and observe 
PV Photovoltaic 
PWM Pulse width modulation  
STC Standard test condition  
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